Background {#Sec1}
==========

Anaemia affects more than 500 million women of reproductive age globally and it is considered to be a major public health problem in developing countries \[[@CR1]\]. Anaemia is associated with various physiologic consequences including impaired tissue oxygen delivery, weakness, fatigue; and loss of productivity from reduced work capacity, cognitive impairment and increased susceptibility to infections \[[@CR2]\] and which also imposes a substantial economic burden on an individual \[[@CR3]\]. Anaemia has also been reported to contribute to maternal morbidity and mortality \[[@CR4], [@CR5]\].

Causes of anaemia are multiple and complex, but iron deficiency (ID) is considered to be the major cause of anaemia, especially among women of reproductive age due to limited intake of iron-rich foods along with poor bioavailability, and increased requirement associated with menstruation \[[@CR6]--[@CR9]\]. While iron supplementation is widely practised to control anaemia, especially among women of reproductive age, the current evidence suggests that there has been a limited impact of iron supplementation, under the programmatic condition, on reducing the anaemia in most of the developing countries \[[@CR10]\]. Therefore, identifying the underlying causes of anaemia is crucial for developing an effective anaemia control program. Among other factors that contribute to anaemia include malaria, hookworm infestation, chronic infection, thalassemia and hemoglobinopathies, and other nutritional deficiencies such as folic acid, vitamin B~12~ and vitamin A \[[@CR6], [@CR11], [@CR12]\].

The World Health Organization (WHO) global health observatory data repository on anaemia in 2016 has reported 31.8% prevalence of anaemia among women of reproductive age in Thailand and is considered to be a moderate public health problem \[[@CR13]\]. In Thailand and other Southeast Asian countries, thalassemia and hemoglobinopathies are highly prevalent and a significant contributor to anaemia \[[@CR6], [@CR14], [@CR15]\]. Northeast Thailand is an area where thalassemia is highly prevalent, and previous studies have shown that thalassemia and haemoglobinopathies are the major causes of anaemia among adolescents \[[@CR16]\] and pregnant women \[[@CR14]\] in rural Northeast Thailand. It is important to note that the clinical severity of different genotypes of thalassemia varies widely ranging from asymptomatic to severe form of anaemia \[[@CR17]\]. Further, subjects with some genotypes of thalassemia carrier may also exhibit iron overload \[[@CR18]\]. Therefore, it is imperative to assess the extent to which different thalassemia genotypes contribute to the prevalence of anaemia in this population. As iron is a pro-oxidant \[[@CR19]\] and an excess amount can be harmful, it is important to identify the risk factors of anaemia before considering blanket iron supplementation program. Therefore, the present study was designed to determine the prevalence of anaemia, ID and thalassemia genotypes among women of reproductive age in urban northeast Thailand and identify the relative contribution of various risk factors associated with anaemia and ID in this population.

Methods {#Sec2}
=======

Study design and subjects {#Sec3}
-------------------------

This cross-sectional study was conducted among reproductive-age women (*n* = 399), aged between 18 and 45 years, who were recruited from two universities in Khon Kaen and one university from Udon Thani provinces, northeast Thailand. The subjects who were pregnant, had any sign of chronic diseases, had a surgery or blood loss from an accident, and who took iron tablets within 3 months preceding the data collection were excluded from the study. The study protocol was approved by the ethics committee (EC) of Khon Kaen University, Thailand. The study was carried out between January and May 2017.

The sample size for the study was calculated based on the prevalence of anaemia observed in a previous study among women of reproductive age in Northeast Thailand \[[@CR20]\]. Considering 37% prevalence of anaemia with an estimated 95% confidence interval of 31.4--42.5 \[[@CR20]\], 358 subjects were required to achieve a valid estimate of the prevalence of anaemia. After including a 10% allowance to compensate for sample loss during data collection, the study required 394 women.

Questionnaire and sample collection {#Sec4}
-----------------------------------

Convenience sampling was applied to recruit study participants. The project was announced through the communication media, such as poster around the university campus and using Facebook. Besides, one of the researchers visited different classes to announce the project**.** The interested prospective participants were requested to contact the principal researcher directly. The purpose of the study was explained to all eligible participants and those who agreed to participate in the study were requested to sign on a consent form. Those who met the selection criteria were asked to complete a self-administered questionnaire. The questionnaire consists of socio-demographic information (age, education level, occupation, family income) and history of blood loss (history of blood donation, accident and/or surgery, the length of menstrual bleeding, amount of blood loss per day). Amount of blood loss per day was assessed by self-estimation. In comparison with an 80-ml glass of water, blood loss \< 1 glass was considered low. Conversely, blood loss \> 1 glass was considered moderate to high. The participants were also asked to report their body weight and height, and usual dietary behaviour regarding the consumption of red meat and tea/coffee drinking. The participants reported "yes" if they usually eat red meet or drink tea/coffee at least once a week, or "no" if they don't. Five millilitres of blood samples were collected from each participant following the completion of the questionnaire.

Laboratory analysis {#Sec5}
-------------------

Complete blood count (CBC) including haemoglobin (Hb) concentration was determined using the Sysmex Hematology Analyzer (XN-1000, Sysmex, Kobe, Japan). Serum ferritin (SF) concentration, as a measure of iron status, was determined by the chemiluminescent micro-particle immunoassay (CMIA) (Abbott; ARCHITECT i2000SR Immunoassay, USA). The serum C-reactive protein (CRP), a marker of the presence of infection and/or inflammation \[[@CR21], [@CR22]\], was measured using CRP Latex Test Kit (Plasmatec Co., Dorset, UK). The results of CRP were interpreted by agglutination.

An automated capillary zone electrophoresis (Capillarys, Sebia, France) technique was used to determine the thalassemia (Hb type and the corresponding fraction). Beta-thalassemia was diagnosed in participants with mean corpuscular volume (MCV) \<  80 fL and Hb A~2~ \> 4% \[[@CR23]\]. Deletional, non-deletional, and mutations of α-thalassemia, most common in Southeast Asia countries, including α^0^-thalassemia (SEA and THAI deletions), α^+^-thalassemia (3.7 kb and 4.2 kb deletions), Hb Constant Spring (Hb CS), and Hb Pakse (Hb Ps) were identified using PCR-based techniques \[[@CR24]--[@CR26]\].

Statistical analysis {#Sec6}
--------------------

In the present study sample, we have identified 21 women with inflammation or infection judged by positive serum CRP. As the presence of inflammation or infection is known to influence serum ferritin levels \[[@CR22]\], these women were excluded from the analysis. Besides, 8 women with severe/intermedia thalassemia diseases (i.e. 3 with β-thalassemia/Hb E disease, 2 with Hb H disease, 3 with CSEABart's or EABart's disease) who exhibited extremely low Hb and high SF levels, were also excluded from the analyses. Thus, a total of 370 women were included in the statistical analyses.

Anaemia was defined as a Hb concentration \< 12.0 g/dL \[[@CR27]\]. Iron deficiency was defined as SF concentration \< 15.0 μg/L \[[@CR27]\]. IDA was defined as a Hb concentration \< 12.0 g/dL and a SF concentration \< 15.0 μg/L \[[@CR27]\]. Prevalence of anaemia, ID and IDA were summarized as percentage with 95% confidence interval (CI).

The normality of the distribution of data was checked by the Kolmogorov-Smirnov goodness-of-fit test. The data of Hb concentrations and red blood cell count (RBC) were negatively skewed, while SF concentrations were positively skewed. Therefore, the medians with interquartile ranges were used to describe these data. For multiple comparison of continuous variables, the Kruskall-Wallis one-way ANOVA was applied. Subsequent comparison between 2 independent groups was tested with the Mann-Whitney U test.

Multiple logistic regression was applied to identify the risk factors associated with anaemia and ID. For anaemia, the independent variables included iron status, different types of thalassemia, body mass index (BMI), age, education level, occupation, family income, history of recent blood donation, the length of menstruation, amount of blood loss per day during menstruation, red meat consumption and tea/coffee drinking. Types of thalassemia were categorized into 7 groups; i.e. non-thalassemia, one α-gene defect, two α-gene defects, Hb E trait, Hb E trait with one α-gene defect, Hb E trait with two α-gene defects and homozygous Hb E. For ID, the independent variables were BMI, age, education level, occupation, family income, history of blood donation, and the length of menstruation, amount of blood loss per day during menstruation, red meat consumption and tea/coffee drinking. Each explanatory variable was initially tested with a univariate model to select candidate variable (*p* \< 0.25) to include in the multiple logistic regression analysis. The SPSS (version 25; SPSS Inc., Chicago) was used for statistical testing; and *p*-value \< 0.05 was considered the statistical significance.

Results {#Sec7}
=======

Of the 370 participants, about 30% were adolescents (aged 18--19 years). Nearly 90% of the participants were students with a large majority (\> 80%) studying a Bachelor's degree. Only 14.6% of the women had a low family income (\< 10,000 Baht). Nine per cent of the participants were either overweight or obese. Over two-thirds of the participants had menstruation for 3--5 days. Forty-three per cent of the participants reported a moderate to a high amount of blood loss per day during menstruation. On the other hand, 14.6% of the participants had no idea about the estimated amount of blood loss during menstruation. Eight per cent of the participants donated blood in the 3 months preceding the interview. The usual dietary pattern indicated that about 82% of the participants consume red meat and 75% drink tea and/or coffee (Table [1](#Tab1){ref-type="table"}). Table 1Socio-demographic characteristics, nutritional status, history of blood loss, and dietary practice of the study participantsSocio-demographic characteristicsn%Age (year) 18--1911130.0 20--2420956.5  ≥ 255013.5BMI (kg/m^2^) Underweight: \<  18.57821.1 Normal: 18.5--24.925970.0 Overweight: 25.0--29.9287.6 Obese: ≥ 3051.4Education Level High school113.0 Bachelor's degree studying31284.3 Master's degree or Doctorate degree4712.7Occupation Student33189.5 Teacher/Researcher/Medical Personal3910.5Family income (Baht/month)  \< 10,0005414.6 10,000 -- 20,00014940.3 20,000 -- 30,0005815.7  \> 30,00010127.3Blood loss history Blood donation in recent 3 months  No33590.5  Yes318.4 Length of menstruation   \< 3 days297.8  3--5 days26070.3   \> 5 days7720.8 Blood loss during menstruation/day^a^  Low14338.6  Moderate to high16043.2  No idea5414.6Dietary practice Red meat (beef) consumption  No6417.3  Yes30281.6 Drink tea/coffee  No9325.2  Yes27674.8^a^Self-estimation by comparing with a glass of water (Low: \< 80 ml, Moderate to High: ≥ 80 ml)

Of the 370 participants, 28.4% had anaemia, 28.4% had ID, and 13.2% had IDA. Among 227 participants with thalassemia carrier, 32.2% had anaemia, 24.2% had ID, and 11.5% had IDA. Among 143 participants without thalassemia, 22.4% had anaemia, 35.0% had ID, and 16.1% had IDA (Table [2](#Tab2){ref-type="table"}). Table 2Prevalence of anaemia, ID, and IDA among women of reproductive age in northeast ThailandnPrevalence (%)95% CIAnaemia All subjects (*n* = 370)105/37028.423.8--33.0 Thalassemia (*n* = 227)73/22732.226.0--38.3 Non-thalassemia (*n* = 143)32/14322.415.4--29.4ID All subjects (*n* = 370)105/37028.423.5--32.7 Thalassemia (*n* = 227)55/22724.218.9--29.5 Non-thalassemia (*n* = 143)50/14335.027.3--42.7IDA All subjects (*n* = 370)49/37013.29.7--16.5 Thalassemia (*n* = 227)26/22711.57.1--15.9 Non-thalassemia (*n* = 143)23/14316.19.8--22.4*CI* Confidence interval

Table [3](#Tab3){ref-type="table"} shows the distribution of thalassemia types and the corresponding median values of red blood cell (RBC), Hb and SF. Overall, 61.4% of women were found to carry thalassemia genes. The most common types were Hb E trait (25.7%) and one α-gene defect (14.3%). Comparing with the non-thalassemia group, there were significantly higher RBC counts in the participants with any genotypes of thalassemia. On the other hand, Hb concentrations were significantly lower among participants with two α-gene defects, Hb E trait, Hb E trait with two α-gene defects, and homozygous Hb E. Comparing with the non-thalassemia group, the participants with homozygous Hb E, two α-gene defects, and one α-gene defect had significantly high SF concentrations. Table 3Proportions of thalassemia types and the corresponding median values of RBC, Hb and SF concentrations among women of reproductive age in northeast ThailandThalassemia typen%RBC\
(× 10^12^/L)IQRHb\
(g/dL)IQRSF\
(μg/L)IQRNon-thalassemia14338.64.694.43--4.9512.812.1--13.524.88.6--43.4One α-gene defect^a^5314.34.98\*4.79--5.2312.512.1--13.134.1\*15.6--58.3Two α-gene defects^b^225.95.54\*5.10--5.8011.8\*10.4--12.348.4\*29.2--63.2Hb E trait9525.75.21\*4.88--5.4212.4\*11.8--13.027.913.9--50.4Hb E trait with one α-gene defect287.64.96\*4.79--5.1512.512.0--13.123.711.3--52.2Hb E trait with two α-gene defects102.75.59\*5.23--5.9312.1\*11.6--12.424.811.9--97.6Homozygous Hb E195.16.10\*5.51--6.3411.6\*11.0--12.444.4\*33.0--64.2*RBC* Red blood cell count, *IQR* Interquartile range, *Hb* Haemoglobin, *SF* Serum ferritin^a^Including α^+^-thalassemia trait, Hb CS trait^b^Including homozygous α^+^-thalassemia, homozygous Hb CS, α^0^-thalassemia trait, and β-thalassemia trait^\*^*p*-value \< 0.05 for the difference between non-thalassemia and thalassemia type (Mann-Whitney U test)

Factors associated with anaemia were examined using multivariate logistic regression analysis (Table [4](#Tab4){ref-type="table"}). Only two α-gene defects and homozygous Hb E thalassemia, and iron status were statistically significant. The participants with ID were 4.9 times more likely to suffer from anaemia compared with the participants without ID (AOR: 4.9, 95% CI: 2.8--8.3). Among the thalassemia, only those with homozygous Hb E (AOR: 8.5, 95%CI: 3.0--24.3) and two α-gene defects (AOR: 8.0, 95% CI: 3.0--21.3) had a significant association with anaemia. Table 4Logistic regression analysis for anaemia and ID among women of reproductive age in northeast ThailandVariablenAdjusted OR\* (95%CI)*p*-valueAnaemiaIron statusNon-ID (reference)265ID1054.9(2.8--8.3)\< 0.001Thalassemia typeNon-thalassemia (reference)143One α-gene defect^a^531.1(0.5--2.6)0.754Two α-gene defects^b^228.0(3.0--21.3)\< 0.001Hb E trait951.9(1.0--3.5)0.055Hb E trait with one α-gene defect280.9(0.3--2.5)0.793Hb E trait with two α-gene defects102.8(0.7--11.7)0.149Homozygous Hb E198.5(3.0--24.3)\< 0.001IDDrink coffee/teaNo (reference)93Yes2761.7(0.9--3.3)0.113Blood donation in recent 3 monthsNo (reference)335Yes316.7(2.8--16.3)\< 0.001Blood loss during menstruation/dayLow (reference)143Moderate to high1602.2(1.3--3.9)0.003*ID* Iron deficiency^a^Including α^+^-thalassemia trait, Hb CS trait^b^Including homozygous α^+^-thalassemia, homozygous Hb CS, α^0^-thalassemia trait, and β-thalassemia trait\*For anaemia, adjusted for length of menstruation and blood donation in recent 3 months; For ID, adjusted for BMI and length of menstruation

A similar analysis was carried out to identify the risk factors of ID (Table [4](#Tab4){ref-type="table"}). The women who donated blood within the three months preceding the interview were 6.7 times more likely to suffer from ID (AOR: 6.7, 95% CI: 2.8--16.3). The participants with moderate to a high amount of blood loss/day during menstruation had significantly higher OR (AOR: 2.2, 95% CI: 1.3--3.9) when compared to the women who had low-level daily blood loss during menstruation. The participants who usually consume tea or coffee were 1.7 times more likely to suffer from ID compared with the participants who do not consume tea or coffee (AOR: 1.7, 95% CI: 0.9--3.3). However, the result was not statistically significant.

Discussion {#Sec8}
==========

The present study reports the prevalence and the risk factors of anaemia and ID among women of reproductive age in northeast Thailand. Overall, 28% of the women were affected by anaemia. A study conducted in central Thailand reported 21% of anaemia among women of reproductive age studying in a university \[[@CR28]\]. The difference in the prevalence of anaemia might be due in part to the difference in the prevalence of thalassemia; with more than 60% of the participants in the present study had thalassemia, while the prevalence of thalassemia in central Thailand study was reported to be 33--38% \[[@CR29], [@CR30]\]. Nonetheless, food consumption behaviour, which differs from region to region, may also account for the difference in anemia prevalence. Of note, the high prevalence and complexity of thalassemia observed in our study, which was very similar to that were reported in previous studies on adolescent, pregnant women, and vegetarians community in northeast Thailand \[[@CR14], [@CR16], [@CR31]\], thus indicating the presence of heterogeneity of thalassemia and hemoglobinopathies in the region.

In the present study, overall, over a quarter of the study participants had ID and 13.2% were found to have IDA. A very similar prevalence of ID was reported in earlier studies in adolescent girls aged 15--17 years in rural northeast Thailand \[[@CR16]\] and in women of reproductive age in Lao, PDR \[[@CR32]\]. When compared with the women without thalassemia, there was a significantly higher prevalence of anaemia but a lower prevalence of ID and IDA among women with thalassemia. Further, the present study also showed a significantly higher RBC counts but lower Hb concentrations in women with different genotypes of thalassemia compared with that of the women without thalassemia. Thalassemia is a genetic Hb disorder that results in decreased or defective Hb production, thus leading to anaemia \[[@CR17]\]. In thalassemia carriers, the bone marrow attempts to compensate for the low Hb level by increasing RBC production, hence, leading to an increased number of RBC in blood circulation \[[@CR33], [@CR34]\].

Our results also revealed significantly higher SF concentrations among women with homozygous Hb E, two α-gene defects, and one α-gene defect. As for this study, an earlier study showed that SF in α^0^-thalassemia trait and β-thalassemia trait were significantly higher than that of normal controls \[[@CR18]\]. Besides, studies have shown increased gastrointestinal absorption of iron in non-transfusion-dependent thalassemia patients and thus develop increased body iron loads due to ineffective erythropoiesis and hypoxia dependent hepcidin downregulation \[[@CR35]--[@CR37]\]. It is noteworthy that in the present study, only five women had iron overload (SF concentrations \> 150 μg/L), four of them had thalassemia (data not shown).

The preliminary results of multiple logistic regression analysis for anaemia indicated that thalassemia (OR: 2.0, 95% CI: 1.1--3.5) and ID (OR: 3.7, 95% CI: 2.0--6.7) were the main risk factors of anaemia in this population (data not shown). Since the severity of clinical manifestation of different genotypes of thalassemia relates to the amount of globin chain generated and stability of remaining chains present in excess \[[@CR17], [@CR33]\], in the final regression model, we included different types of thalassemia as independent variables, instead of total thalassemia, along with ID. After adjusting for the potential confounders, we found that the women with homozygous Hb E and carriers of two α-gene defects were 8.0 to 8.5 times more likely to develop anaemia. None of the other types of thalassemia was significantly associated with anaemia. The findings of this study are in agreement with the findings of the previous study conducted among pregnant women in northeast Thailand \[[@CR14]\]. Similarly, Cambodian studies also found that homozygous Hb E was the most significant predictor of Hb level among children and women of reproductive age \[[@CR15], [@CR38]\]. Thus, our findings confirm previous study results that different genotypes of thalassemia exhibit variation in the risk of developing anaemia. Since both homozygous Hb E and carriers of two α-gene defects are prevalent in the region \[[@CR14], [@CR16], [@CR31]\], they need to be taken into consideration in the planning of anaemia control program in the region. We also found that women with ID were 5 times more likely to develop anaemia when compared to women with normal iron status. The findings of our study are similar to that was observed in a previous study on pregnant women in northeast Thailand \[[@CR14]\].

Since ID was identified as an independent risk factor of anaemia in this study population, which can be preventable by an appropriate intervention such as nutrition education with or without iron supplementation, we carried out multiple logistic regression analysis to identify the risk factors of ID. After adjusting for potential confounders, recent blood donation and amount of blood loss during menstruation were identified as the independent risk factors of ID in this population. We found that the women who donated blood within 3 months preceding the interview were 6.7 times more likely to develop ID than the women who did not. Our finding corroborates with the findings of a previous study that female blood donors had low iron stores and high prevalence of ID compared with the females who did not \[[@CR39]\]. The present study also revealed that the women who had moderate to a high level of blood loss during menstruation were 2.2 times more likely to have ID than the women who had low-level blood loss during menstruation. A study among women of childbearing age in the UK also reported that menstrual blood loss was a significant predictor of iron status \[[@CR40]\].

Although evidence from experimental studies have shown that the polyphenolic-containing compounds including tea and coffee are the potent inhibitors of non-heme iron absorption \[[@CR41], [@CR42]\], whether tea/coffee drinking has a negative impact on the body iron stores is controversial. As for other cross-sectional studies \[[@CR43]--[@CR45]\], we found no association between tea/coffee drinking and ID. On the contrary, the association between tea drinking and poor iron status has been reported \[[@CR46]\]. A case with IDA due to excessive green tea consumption has also been recently demonstrated \[[@CR47]\]. The negative impact of tea/coffee drinking on iron status may depend on the lifestyles and consumption habits, such as types and amounts of tea/coffee, frequency and timing of drinking as well as the consumption of other dietary modifiers, such as plant-based diet \[[@CR41]\].

It is important to note that among the non-thalassemia group (*n* = 143), 32 women were anaemic of which, 23 had IDA. The reasons for anaemia in the rest of the women (*n* = 9) could not be explained by ID. Besides deficiency of iron, deficiency in other micronutrients, such as vitamin B12, folate, vitamin A, and riboflavin also cause anaemia \[[@CR48]\]. These women may have other micronutrient deficiencies, which needs further investigation. Another possible cause could be chronic inflammation as the other inflammation markers were not determined.

The present study has some limitations. Firstly, the majority of participants were well educated and lived in urban areas with a relatively higher socio-economic background. Because the study did not include women who are not attending/working in the universities, the study samples may not be representative of the wider population from which they were drawn. Therefore, the results cannot be taken as representative of all women of reproductive age in urban northeast Thailand. Secondly, as a cross-sectional study, it should be bear in mind that it may not be possible to infer that recent blood donation and amount of blood loss during menstruation preceded the onset of ID. Thirdly, we used the self-reported nature of the questionnaire for collecting information on blood loss during menstruation, which may have introduced some bias. Fourthly, the data on dietary practice regarding the consumption of red meat and tea/coffee drinking lack information on the frequency of consumption and the actual amount of consumption. However, the findings of the present study are in line with previous studies, indicating that anaemia and ID remain a health burden in reproductive-age women, even well-educated.

Conclusion {#Sec9}
==========

The present study revealed that a significant proportion of urban well-educated women with a relatively high socio-economic background in northeast Thailand had anaemia. While thalassemia is widely prevalent, ID was also a significant problem in this population. Our results suggest that both thalassemia and ID are the major risk factors of anaemia. However, among the various genotypes of thalassemia, only homozygous Hb E and carriers of two α-gene defects were independently associated with anaemia. Further, recent blood donation and moderate to a high amount of blood loss during menstruation were identified as the potential risk factors of ID in this population. These findings have important implications for the development of effective health promotion program for the prevention and control of anaemia in northeast Thailand. The present study emphasizes the need for comprehensive intervention strategy including creating awareness among female blood donors and individuals with high menstrual losses to improve iron status and thus reducing the anaemia.
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